Helicobacter pylori causes peptic ulceration and gastric adenocarcinoma; the latter is common in Iran but not in Iraq. We hypothesized that more virulent H. pylori strains may be found in Iran than in Iraq and so compared established and newly described virulence factors in strains from these countries. We studied 59 unselected dyspeptic patients from Iran and 49 from Iraq. cagA was found in similar proportions of strains from both countries (76% in Iran versus 71% in Iraq) and was significantly associated with peptic ulcer disease in Iraq (P < 0.01) but not in Iran. cagA alleles encoding four or more tyrosine phosphorylation motifs were found in 12% of the Iranian strains but none of the Iraqi strains (P ‫؍‬ 0.02). There were no significant differences in the vacA signal-, middle-, or intermediate-region types between Iranian and Iraqi strains. Among the strains from Iran, vacA genotypes showed no specific peptic ulcer associations, but among the strains from Iraq, vacA i1 strains were associated with gastric ulcer (P < 0.02), mimicking their previously demonstrated association with gastric cancer in Iran. dupA was found in similar proportions of Iranian and Iraqi strains (38% and 32%, respectively) and was associated with peptic ulceration in Iraqi patients (P < 0.01) but not Iranian patients. H. pylori strains from Iraq and Iran possess virulence factors similar to those in Western countries. The presence of cagA with more phosphorylation motifs in Iranian strains may contribute to the higher incidence of gastric cancer. However, the association between strain virulence markers and disease in Iraq but not Iran suggests that other host and environmental factors may be more important in the diseaseprone Iranian population.
Helicobacter pylori causes peptic ulceration and gastric adenocarcinoma; the latter is common in Iran but not in Iraq. We hypothesized that more virulent H. pylori strains may be found in Iran than in Iraq and so compared established and newly described virulence factors in strains from these countries. We studied 59 unselected dyspeptic patients from Iran and 49 from Iraq. cagA was found in similar proportions of strains from both countries (76% in Iran versus 71% in Iraq) and was significantly associated with peptic ulcer disease in Iraq (P < 0.01) but not in Iran. cagA alleles encoding four or more tyrosine phosphorylation motifs were found in 12% of the Iranian strains but none of the Iraqi strains (P ‫؍‬ 0.02). There were no significant differences in the vacA signal-, middle-, or intermediate-region types between Iranian and Iraqi strains. Among the strains from Iran, vacA genotypes showed no specific peptic ulcer associations, but among the strains from Iraq, vacA i1 strains were associated with gastric ulcer (P < 0.02), mimicking their previously demonstrated association with gastric cancer in Iran. dupA was found in similar proportions of Iranian and Iraqi strains (38% and 32%, respectively) and was associated with peptic ulceration in Iraqi patients (P < 0.01) but not Iranian patients. H. pylori strains from Iraq and Iran possess virulence factors similar to those in Western countries. The presence of cagA with more phosphorylation motifs in Iranian strains may contribute to the higher incidence of gastric cancer. However, the association between strain virulence markers and disease in Iraq but not Iran suggests that other host and environmental factors may be more important in the diseaseprone Iranian population.
Helicobacter pylori is a spiral-shaped, gram-negative bacillus which causes gastritis and peptic ulceration (18, 19, 36) . Its treatment has become pivotal in the management of peptic ulcer disease (PUD). H. pylori infection is also an important risk factor for gastric adenocarcinoma, the second most important cause of cancer deaths worldwide. Gastric cancer is thought to have a multifactorial etiology; and bacterial strain type, host genotype, and environmental conditions are all thought to be factors contributing to gastric cancer (22) . Despite the geographical proximity of Iraq and Iran, the incidence of gastric cancer differs hugely between these countries; in Iran it ranges from 38 to 69 cases/10 5 population (10, 21, 26, 27, 38) , whereas in Iraq the incidence is 5 cases/10 5 population (10). We hypothesized that this difference may be due to differences in the virulence of the circulating H. pylori strains, and so we set out to type strains from these countries for their virulence.
We considered both well-established and more recently described virulence determinants.
Many strains of H. pylori produce the CagA protein, encoded by the cagA gene within the cag pathogenicity island (PAI). H. pylori strains possessing cagA are associated with a significantly increased risk for the development of atrophic gastritis, PUD, and gastric cancer (24, 32) . The cag PAI encodes a type IV secretion system that facilitates the translocation of CagA into the host epithelial cytosol, where it becomes phosphorylated with tyrosine at specific phosphorylation motifs by the Src family of kinases (29, 30) . Phosphorylated CagA forms a physical complex with SHP-2 phosphatase and stimulates cell signaling pathways, cytoskeletal changes, and abnormal cell proliferation (33) . On the basis of the amino acid sequence of the SHP-2 binding site, CagA proteins can be subcategorized into Western and East Asian types. Both have type A and B phosphorylation motifs (usually one of each), but the Western types have additional C motifs (1-3) and the East Asian type has no C motifs but a D motif. The East Asian type CagA possesses stronger SHP-2 binding and transforming activities than the Western type CagA (11) . The Western type CagA has a variable number of type C phosphorylation motifs, and the extent of cytoskeletal changes induced by CagA is dependent on this. Strains possessing CagA with greater numbers of type C phosphorylation motifs are more closely associated with gastric carcinogenesis (9) . Thus, determination of the degree of CagA phosphorylation or the number of phosphorylation motifs appears to be more important than detection of cagA alone (4, 5) .
The vacuolating cytotoxin (VacA) is a well-established H. pylori virulence factor which has multiple effects, including vacuolization of cultured epithelial cells, the induction of apoptosis, increases in the permeability of epithelial monolayers, the formation of pores in cells, and suppression of immune cell function (6, 13) . The vacA gene is polymorphic within its signal, intermediate, and middle regions. For the signal region, two distinct allelic sequences, s1 and s2, have been recognized. For the middle region, alleles can be categorized into two classes, m1 or m2. The vacA genotype is associated with in vitro cytotoxin activity (with s1 having greater cytotoxin activity than s2 and m1 having greater cytotoxin activity than m2) (8, 20, 34, 35) . Rhead et al. have recently described a novel determinant of VacA toxicity, the intermediate or i region (23) . They showed that two allelic variants of this region, i1 and i2, exist. Furthermore, they showed that only s1/m2 strains varied in their i types; s1/m1 and s2/m2 strains were exclusively i1 and i2, respectively. This novel region determines the vacuolating activity among these s1/m2 strains. Most importantly, a significant correlation was found between the i1 type of vacA and gastric cancer in Iran (23) .
The duodenal ulcer (DU)-promoting gene A (dupA) is a recently described virulence factor which comprises both jhp0917 and jhp0918 (16) . Lu et al. found a significant relationship between dupA and DU, and the presence of dupA was related to neutrophil infiltration and a high level of interleukin-8 production by epithelial cells. Surprisingly, possession of this gene appeared to be protective against gastric adenocarcinoma (16) .
The object of this study was to type the virulence of unselected strains from dyspeptic patients in Iran and Iraq. We aimed to compare the virulence of strains from these neighboring countries, which have very different incidences of gastric cancer, and to assess the association of virulence markers with PUD in each country.
MATERIALS AND METHODS
Patient-derived samples. Gastric biopsy specimens were obtained from 49 and 59 unselected H. pylori-positive patients from Iraq and Iran, respectively, undergoing routine upper gastrointestinal endoscopy for investigation for dyspepsia. The mean age Ϯ standard deviation of the Iraqi patients was 35 Ϯ 17 years, and that of the Iranian patients was 40 Ϯ 14 years. All Iraqi patients were from the five districts of city of Dohuk. The majority (48/59 [81%]) of Iranian patients were from the city of Tehran; other patients were referred from different regions in Iran. Endoscopic diagnoses were as follows: for DU, 15 in Iraq and 8 in Iran; for gastric ulcer (GU), 5 in Iraq and 9 in Iran; for no ulcer disease, 29 in Iraq and 42 in Iran. During gastroscopy, biopsy samples were taken and either placed in 1 ml of Iso-Sensitest broth (Oxoid, Basingstoke, United Kingdom) containing 15% (vol/vol) glycerol and stored in liquid nitrogen or cultured immediately for H. pylori. In some cases, following prolonged storage and shipment to the United Kingdom, reculture was not possible. In these cases, DNA was extracted directly from the biopsy specimens and used for PCR-based H. pylori typing.
The study protocol was approved by the ethics and research committees of the individual hospitals, and all patients gave informed consent to participation in the study.
Culture. Each biopsy specimen was spread onto horse blood or Dent agar plates and then incubated under microaerobic conditions generated with a CampyPak system (Becton Dickinson, Baltimore, MD) in an anaerobic jar at 37°C for 2 to 4 days. The organisms were identified as H. pylori by colony morphology, Gram stain, and urease activity. Cultures were harvested as sweeps rather than single colonies and were stored in Iso-Sensitest broth containing 15% (vol/vol) glycerol at Ϫ80°C.
Genotyping of H. pylori. PCR-based typing of the H. pylori isolates was performed with DNA extracted from bacteria or directly from the biopsy specimens. PCR amplification of cagA used previously described primers cag2 and cag4 (25) to amplify the 3Ј variable region. PCR amplification of the cag PAI empty site was performed as described previously (1) . In the empty-site PCR, primers anneal to sequences adjacent to the cag PAI insertion site in the genome and allow amplification only of a DNA fragment of the expected size in the absence of a complete or partial cag PAI at this locus. Genotyping of the vacA signal, intermediate, and middle regions was performed as described previously (7, 8, 23) . dupA was amplified with primer pairs DupAF113-DupAR1083 and DupAF1202-DupA918R, as described previously (3) (Fig. 1) . Determination of the number of CagA phosphorylation motifs and the types of motifs was carried out by using the forward primer cag2 and the reverse primers cagA-P1C, cagA-P2CG and cagA-P2TA (the B motif is polymorphic, and reverse primers cagA-P2CG and cagA-P2TA are designed to recognize all types described to date), and cagA-P3E, as described previously (5) (Fig. 2) . Five microliters of the PCR products was electrophoresed in 1.5% (wt/vol) agarose gels for 40 min at 80 V in TAE (Tris-acetate-EDTA) buffer. All gels were stained with ethidium bromide (1 mg/liter) and photographed under UV light. A 1-kb DNA ladder (Gibco, Paisley, United Kingdom) was used as a size marker in all gels. Strains with previously determined genotypes were used as positive controls.
Data analysis. Statistical analysis of the data was performed by using logistic regression, the chi-square test, and Fisher's exact test, with significance set at a Table 1) . To exclude bias from disease association, we also compared subgroups of patients without peptic ulceration: cagA was found in a higher proportion of Iranian strains than Iraqi strains (76% and 55%, respectively), although this did not quite achieve formal statistical significance (P ϭ 0.06). In both countries, all cagA ϩ strains also typed positive for cagE. Among 14 cagA-negative Iraqi strains, 7 were cag PAI empty-site positive (implying that the whole cag PAI was absent) and 7 were empty-site negative (implying that there was still a partial cag PAI at this locus). Among 14 cagA-negative Iranian strains, 9 were cag PAI empty-site negative. Thus, overall, the cag PAI appeared to be incompletely deleted in 16 strains.
No significant association was found between cagA status and clinical outcome for the Iranian patients, but a significant correlation was found between cagA and PUDs (P Յ 0.01; odds ratio, 16.4) in Iraqi patients (Table 1) . When DU and GU were considered separately for the Iraqi population, 14/15 (93%) patients with DU had cagA ϩ strains, whereas 16/29 (55%) patients with no ulcer (P Ͻ 0.02) had cagA ϩ strains. All Iraqi GU patients had cagA ϩ strains (P was not significant compared with the results for patients with no ulcer, perhaps due to the low number of GU patients).
CagA phosphorylation motif numbers. Second, we turned our attention to cagA polymorphisms and, in particular, the number of CagA phosphorylation motifs, which we assessed using our recently described PCR-based typing system (5). Among the cagA ϩ strains, 12% (7/49) of the strains from Iran carried a cagA variable region of Ͼ550 bp (when the region was amplified with primers cag2 and cag4), indicating the presence of more than three CagA phosphorylation motifs. This was a significantly higher proportion than that found in the strains from Iraq, where all strains possessed cagA with a variable-region size of 550 bp, indicating the presence of CagA with three phosphorylation motifs (P ϭ 0.02) ( Table 1 ). In the analysis confined to patients without ulcers, 22% (7/32) of the cagA ϩ Iranian strains had more than three phosphorylation sites, whereas none of the Iraqi strains did. Previous studies with other populations have linked multiple CagA phosphorylation motif numbers with an increased risk of cancer but not   FIG. 2 . Characterization of one Iraqi strain (A) and one Iranian strain (B) for cagA variable-region tyrosine phosphorylation motifs. Genomic DNA samples from H. pylori strains were used to PCR amplify the cagA variable-region EPIYA motifs by using forward primer cag2 and reverse primer cagA-P1C (A motif), reverse primers cagA-P2CG and cagA-P2TA (B motif), or reverse primer cagA-P3E (C motif). No Iraqi strain was found to have more than three phosphorylation motifs. with an increased risk of ulcer (9, 15) : in agreement with this, no strains with more than three phosphorylation motifs were found in the ulcer group from Iran (Table 1 ). vacA polymorphism. We then turned to vacA polymorphisms in Iranian and Iraqi strains, examining both established s and m genotypes, and also the recently described polymorphic i-region type. Since individual H. pylori isolates possess only a single copy of vacA, the presence of more than one vacA s, i, or m genotype in a DNA sample indicates colonization by two or more strains with different vacA genotypes (8) . Among the Iraqi isolates, a single vacA signal region was observed in all samples, but 8/49 (16%) of the specimens examined possessed both middle-region types, and 9/49 (18%) possessed both i-region genotypes. Among the Iranian samples, all isolates possessed a single signal-region type, but 2/59 (3%) carried both m-region types and 7/59 (12%) possessed both iregion types. There was no difference in the prevalence of strains with different vacA genotypes among the unselected dyspeptic populations from Iran and Iraq, whether strains with multiple genotypes were excluded (planned analysis; Table 2 ) or classified as the more pathogenic or the less pathogenic type (exploratory analyses).
Next, we examined associations between vacA allelic variation and peptic ulceration within the Iranian and Iraqi populations. For the Iranian strains, no significant associations were found. For the Iraqi strains, no significant association was found for duodenal ulceration, but 80% (4/5) of the strains isolated from GU patients were of the vacA i1 genotype, which was significantly greater than the 13% (4/29) of the strains from patients without ulcers (P Ͻ 0.02). Although this subgroup analysis is exploratory, it is interesting, given the described association between vacA i1 genotype and gastric cancer and the similarities in epidemiology and pathogenesis between GU and gastric cancer. Associations were not seen between gastric ulceration and the vacA s and m types, again supporting the recent finding that the vacA i type is a better marker of strain virulence (23) .
dupA status. Third, we examined strains for the recently described putative virulence gene dupA. Similar proportions of Iranian and Iraqi strains possessed dupA (Table 1) . Among the Iranian patients, we found no association between dupA and the clinical outcome. However, among the Iraqi patients, 55% (11/20) of the peptic ulcer patients carried dupA ϩ strains, significantly more than the 17% (5/29) of the patients without ulcers who carried dupA ϩ strains (P Ͻ 0.01; odds ratio, 6.2) ( Table 1 ). When we looked at DU and GU separately, 60% (9/15) of the H. pylori isolates from DU patients were dupA ϩ (P Ͻ 0.01 compared with the results for patients without ulcers) and 40% (2/5) of the H. pylori isolates from GU patients were dupA ϩ (P was not significant compared with the results for the patients without ulcers, but note the small number of GU patients).
Associations between virulence factors, particularly for cagA phosphorylation motif number. Next, we assessed associations between virulence factors in strains from Iran and Iraq. As in virtually all strain populations worldwide, we found that cagA ϩ strains were more likely to be vacA s1 than s2: in Iran, 37/45 (82%) cagA ϩ strains were vacA s1, whereas 5/14 (36%) of the cagA-negative strains were vacA s1 (P Ͻ 0.005); in Iraq, all cagA ϩ strains typed s1, whereas 10/14 (71%) of the cagAnegative strains typed s1 (P Ͻ 0.005). No significant associations were found between cagA status and other vacA polymorphisms or between cagA status and dupA status. As strains with a larger cagA are thought to be more pathogenic than those with a smaller cagA, we examined the association between the size of cagA and other virulence factors among Iranian strains. This analysis was not possible for Iraqi strains, as they all had the same number (n ϭ3) of CagA phosphorylation motifs. Seven of 45 (15%) cagA ϩ Iranian strains carried a larger cagA (with more than three phosphorylation motifs). In the association analysis with vacA genotypes, we excluded patients with mixed genotypes. The small numbers of strains studied meant that most associations were not statistically significant, but for the vacA m region, 6/7 (86%) strains with more than three phosphorylation motifs were type m1, significantly more than the 10/37 (27%) strains with only three phosphorylation motifs (P ϭ 0.01). Lastly, we examined the association between the size of cagA and dupA status: 6/7 (86%) strains with more than three phosphorylation motifs were dupA ϩ , significantly more than the 14/38 (36%) strain with only three phosphorylation motifs (P ϭ 0.03).
DISCUSSION
The study of H. pylori virulence factors in populations is important, as they contribute to disease risk. For example, in Japan, where gastric cancer is common, more than 90% of H. pylori strains are cagA positive (17) . The gastric cancer rate in Iraq is lower than that in Iran; we hypothesized that differences in the virulence factors of the H. pylori strains between these two countries may partially explain this difference. We found no difference in the prevalence of cagA ϩ strains between unselected dyspeptic populations from these countries, although among patients without ulcers, cagA ϩ strains were 21% more prevalent in Iran (P ϭ 0.06). Furthermore, Iranian patients with cagA ϩ strains were more likely to have the more pathogenic forms of cagA encoding four or more tyrosine phosphorylation sites, and among patients without ulcers, this difference was 22%. Taking these results together, this represents a considerable difference in potential cagA-associated pathogenicity which could contribute to the differences in gastric cancer rates seen between these populations: both cagA status and the number of cagA phosphorylation motifs have been linked with cancer prevalence in a number of populations (4, 11) . However, we found no significant differences between Iranian and Iraqi populations in vacA types and, in particular, in the iregion type, which has recently been linked with gastric cancer risk in Iran (23) . Also, we found no difference in dupA status, which we studied because dupA has been reported to have a negative association with gastric cancer (16) , although recent data from us dispute this (3) .
In the present report, we have shown that 71% and 76% of the H. pylori strains isolated from Iraqi and Iranian samples, respectively, were cagA ϩ . This value is closer to the values for Western countries and Turkey than to the values for East or Southeast Asia (2, 14, 28, 31) . Our strains had the Western type of CagA and the Western types of vacA. Thus, it appears that the high cancer rate in Iran is not due to the presence of strains of the East Asian type in that country.
We looked within the Iranian and Iraqi populations for associations between virulence factors and PUD. Among the Iraqi strains but not the Iranian strains, we observed an association between cagA ϩ status and PUD. Reports from a neighboring country, Turkey, have shown results similar to those from Iraq (28) . No Iraqi strains had cagA with more than three phosphorylation motifs, so we could not perform an examination for disease associations. The situation in Iran was interesting: no strains with more than three phosphorylation motifs were found in patients with peptic ulcer. This may imply that the presence of more than three phosphorylation motifs is protective against ulcers rather than being a specific predisposition to cancer, as reported previously (4, 11) . For vacA polymorphisms, we found no association between the vacA i region and the clinical outcome for the Iranian samples. However, for the Iraqi specimens, a novel association was found between the presence of vacA i1 strains and gastric ulcer. This is not unexpected, as GU and gastric cancer are epidemiologically similar. However, our results need confirmation by the performance of studies with other populations, as only a small number of GU patients were enrolled in this study. For dupA, a significant link with PUD was present in the Iraqi population, but no association was found in Iranians. Thus, overall, we showed that the Iraqi population was similar to Western populations in terms of the association of many virulence factors with ulcer disease. In contrast, these associations were not seen in the Iranian population. This may imply that factors other than bacterial virulence are the most important for ulcer risk in Iran.
Many previous reports have shown a clustering of active virulence factors within H. pylori strains, for example, associations between cagA ϩ status and the vacA s1 genotype (37) . In agreement with the findings presented in those reports, we found a significant correlation between cagA ϩ status and the presence of the vacA s1 genotype in Iran and Iraq. In addition, we showed a significant association between the presence of a greater number of cagA phosphorylation motifs and the presence of both the vacA m1 genotype and dupA ϩ status. This further supports the concept of the clustering of virulence factors, such that the majority of H. pylori strains possess either many or a few, and the fact that it is favorable for H. pylori to be either strongly pathogenic or nonpathogenic.
Our study has several limitations. First, and perhaps most importantly, we studied H. pylori strains from dyspeptic patients rather than a random community sample of H. pylori strains, and this may have introduced bias. The reason that we did this is that strain genotyping requires upper gastrointestinal endoscopy, which is difficult to perform with randomly selected asymptomatic individuals. We argue that the prevalence of virulent strains in the dyspeptic group without ulcer disease is likely to be similar to that in asymptomatic community members: the association between H. pylori infection and nonulcer dyspepsia is controversial, and if such an association is present at all, it is weak; so any association with virulence factors is likely to be weaker still. Second, our study was not large. However, this is more likely to hide true-positive associations rather than to produce false-positive results and is most unlikely to have produced the multiple associations of virulence factors with disease that we have demonstrated. Third, we genotyped strains for virulence rather than perform virulence phenotyping. Many studies have shown good but imperfect associations between the genotype and the phenotype of a strain, but any error is likely to be in favor of designating a strain as virulent when, in fact, it is avirulent. For example, a seemingly virulent cagA ϩ strain may not be able to translocate CagA into epithelial cells (if it has a mutation elsewhere in the cag PAI which inactivates the type IV secretion system) and so may be avirulent. In contrast, a seemingly avirulent cagA-negative strain will never be able to translocate CagA (as it lacks it), and so such a strain will never be virulent. Thus, any errors from genotyping rather than errors from phenotyping are also likely to be conservative. Taken together these study deficiencies should encourage others to perform better studies to repeat and extend our investigation, but they do not negate our findings.
To summarize, the virulence factors of both Iraqi and Iranian H. pylori strains appear to be more closely related to strains from Western countries than to strains from Asian countries. Iranian strains appear to be more virulent, but the difference appears to be unlikely completely to explain the difference in disease prevalence between these countries. This suggests that unidentified strain, host, and environmental factors may contribute to these differences. In the absence of an East Asian type of cagA and almost universally virulent strains (as are found in Japan and parts of China), the very high gastric cancer rate in Iran remains largely unexplained. Similarly, the cancer rates in Iraq appear to be lower than those that would be expected from the circulating H. pylori strain types, an enigma similar to that reported (controversially) in Africa (12) .
